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Abstract

Reducing sugar and alcoholic strength content in jujube vinegar fermented processing was carried
out by hyperspectral image technology, and quantitative analysis model was established by partial
least squares method, while the spectral characteristic wavelength of the spectral region was
screened by uninformative variables elimination (UVE), competitive adaptive reckons (CARS) and
genetic algorithm (GA). Determination coefficient R?, root-mean-square error of prediction
(RMSEP), relative percent deviation (RPD) and the best principle factors were employed as evalu-
ation indexes. The optimization effect of CARS was the best, R2 of optimization mode were 0.9045
and 0.8993, RMSEP were 1.3635 and 1.2878, RPD were 3.24 and 3.58, and best principle factors
were 7 and 8. The results showed that: variable selection can improve accuracy and stability of the
model of sugar and alcoholic strength content quantitative analysis, reduce analytical difficulty,
and optimize the model. It is feasible that reducing sugar and alcoholic content of jujube vinegar
fermented liquid can be analyzed rapidly, quantitatively and accurately by hyperspectral image
technology.
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R, &k SRR B R P 1 B Bl A PR T I8 155 1) S0 1 A T AT I . PRSI S [0 7 R v e i A AR A
UTE PR R T R S A ot R BR . pH B K FIAIE R BR & B nT A A B, FE32 L T BRAGIR bR 0 AT 1)
SEEAFAE, SO T T R B AL R A A AT AR 3 A G I S FL A AT RFE B A IR
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2.3. BUEFNREESEE

PL203 HL7 R (MR 8- R 2 AR (L) A IR 2 7]); SW-CI-IFD il i AF & R R B %R/
a filiE);  FEAVE R AR (L S IR SE 0 B4 ) ) DSX-280B i He K B fa(_ ity Fi 2 BRIT b)) A T
(b sCoREL AR T); SPX-25°C fH i B 77 A (i R SL A PR A7) 722-147] WMo ik
FRICHARAIRAT); BS-2F IR IR

2.4. BUIRIREINETE
1) MBEROME: FEM IR
2) EREREISE : FRIE[L2].
25. BXAIRBIERERE

SIS Bl 400~1000 nm f¥) HyperSpec VNIR A WL ZLAh e G R 45, % ARG T
2% [E Headwall Photonics A ], & 6 iE A8 6 4 (Imspector N %1, Golden Way Scientific Co., Ltd.,
US) it /3 ¥ 2.5 nm; CCD #4%#1(G4-232, Golden Way Scientific Co. Ltd., US) % X~} 8.0 um; 14
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22 56IE (90-254VAC, 47~63 Hz, Golden Way Scientific Co., Lab., EQUIP)5 1 44447 (250 V, Headwall
Photonics Instruments Co., Ltd., Beijing, China)t4 B[ 6I8 R 455 LT & (VT-80, Headwall Photonics
Instruments Co., Ltd., Beijing, China); 15 #L(ThinkPadX220 Inter(R)), RAM3.41G Fl¥f KA A}
(Hyperspec-N for AndorLuca Rev A.3.1.4.vi, Headwall Photonics Instruments Co., Ltd., Beijing, China)%
6 MR Horb, mERE AR B a9 400~1100 nm, JERESrHEEE 2.5 nm, BRI ZIE R X
A 125 DMK MFESD R IR TE A P 1K 406 R G50 B BURFE K R E A B S8k T Ak
) e R AE i EORAE . BRI — AN EE SR R EY S AT ), I A EES . C4ERBRAE
FEM AR s B S OB B = 4B 7 1R, AR AETH RN AT i — 2 1 [13]

2.6. SKBTTE

2.6.1. NiEHIERE

MO R 1) 55— R IT R 31 % B4 TR 25 R BR B BN 30 K rfr, R4 IHL 50 mL [ R BERE 7 4. #
REERFEE TR T, 5. HERENIRFRE T BEBMET 6, SEARIERHT LS B RE.
RGZHWEW T J6iEIEHE 400~1000 nm, BEGIN Ay 15 ms, ks Y 160 pm/s, FAHELAM B A
90 mm, F# % &N 80 mm.

2.6.2. RIEESHIEENXI5

W RAE B GG EE /0 WA ESERIBG TR, o, RIESE A B A AR AL, B0 1IE 4
SRAG UG BT ST A TR (T S . TERENLAREE 30 AU AR I L FE AR A A ST R SR R SR L, SR
Kennard-Stone (K-S)72: K el 4% 180 MFEAM AT REAR SRR IFAE NI R 4) o PR EEEREA 120 4, IAF4EFRE
A 60 . WIEHESRAFERES TR 1 PR,

2.6.3. KiETALIE

EOGIETERE L R PR 5 5 B ERS, M e s AR S TR R R R fem, AT
TH RGBS PR R B R R, SR R AR e M SRR, ARG SR £ S0 BUH R IE (MSC)
X TEHEAT AL 2

264 RBHKEERE

AR UVE 5. CARS ik, GATEXT &t 125 M KRATRHATILALIE#E, RN RA PLS
VERESIRRAL . BERJUE REU(R2) I bR R 22 (RMSEPR). . AR 43 #Ti5% 22 (RPD) LA R di 1 21 BH T Bk P4
AR SE M5 TN RE 1 [14]
265 HIEABS

UVE. CARS. GA %f2/Filiidia4T MATLAB 52, fifiz/h =3R4 Unscrambler X10.3 Jt:i% 73
HrERAF(E CAMO 2 /) SE B

Table 1. Statistical results of calibration set and validation set
=1 REESHIEESITER

FE A FEAME R FEIMEA(e LT BRME (gL B/ME/(g LY brifE 2=
0 6.69 16.5 22 448
K IE4E 120
MY 923 498 11.9 0.0 463
0 6.65 16.1 26 4.42
IGIFE 60
MY e 487 11.6 0.1 461
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3.1. NI HERIE
3.11. ZEBTEREMRZEVVEMLERHERKER

TEAE T 2R b, X I R I R o S W S B AR RS B FR AR A B (5 B AR EVH BRIE(UVE) AT
PR, UVE RS MER KB ELE R 1 s, S EHSEL A DR KEE, HIUN5I ARG
SR, BERRRTEREEMN L TRE, SFHREZEMNEBEITINETLRNELEE, BHERERN
#ar A E SR KA E[15].

312 BFMAENEMNELCARS)LIEFHER KEE

CARS fEMATHARACRIHILRS, (R Bl R BN EOR AL &, A1 B Bl R B A R,
Hiafrimik i iR & T8 WK 2(A) P (@)~C) &0 KPR, () FnMEEIZTRESE N, 20T
s AT B > B 5 BOZW TS, BT CARS 9% “HHIL” FIjS “R5ik” 1 (b) FnsC LIuEsTT

UVE plot when 10-components are considered in the PLS model UVE plot when 10-components are considered in the PLS model
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Figure 1. UVE variable stability analysis results
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Figure 2. Key variable selection results by CARS
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ZWA S, BEIBATIREHIE N, RMSECV {5t/ a1k, Sl 2% B 07 i ok R 5 B 5 1 AR 1 ol
TR G, 5 ORI v GESI bR T OGS &, T FEIRZEE K () RonEIHRE B, 5% 7
FHXT ) 58 RMSECV B I IRAIC 2 - 42 CARS VTG Fir 15 A8 5473 7l 04 19 A1 35 A, A 5 461 1) 15.2%.
28%, FHEPRKAT R, WA BRI E AR, R Tk
3.1.3. Bt wm/ M B RIEFAEMEBHER KTE

GA R T AWt Bl B R AL i — PO A S0, i e B0 e A i (1 K Bk Pk
FRAED KA . B2 GA LS & WIHREHA N 30, 2 XMER N 0.5, 28R N 0.01, BAEEICRECH
100, & 3 H(A)s (B)Zr Bk A . YA B P AR bRl GA VAN I% Ji5 1 %78 S A F r A B,
SRt 26, 37 M KALE, S 20.8%. 29.6%.

3.2. BAE 5

25t FAR =R Oy R R, 40 ) T R AR R RO SR . RS 1 4% -PLS . UVE-PLS.
CARS-PLS. GA-PLS sE B AR, JExf g ZREURY). FMFRAE 2 (RMSEP). AHXT 734717 2 (RPD) LA % fi%
FEFERTEOEAT L, SRIPM R RIRUR, BRI SE R 22 2 Fiow.
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Figure 3. The frequency of each variable by chosen
E 3. BTEHRIERAGURE

Table 2. Different models and performance evaluation results of reducing sugar and alcoholic strength
= 2. RRBEFEEENTEER R EEITNER

BEAE A AR AL R? RMSEP RPD ERRAE
) 4E-PLS 125 0.8422 1.6278 271 12
& 5
UVE-PLS 31 0.8566 1.4898 2.97 12
CARS-PLS 19 0.9045 1.3635 3.24 7
GA-PLS 26 0.8878 1.4356 3.07 10
\ PLS-4 il 125 0.8449 1.5309 3.01 12
RS
UVE-PLS 34 0.8856 1.3675 3.37 9
CARS-PLS 35 0.8993 1.2878 358 8
GA-PLS 37 0.8843 1.3705 3.36 9
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Figure 4. Predicted vs. reference values of reducing sugar and alcoholic strength in CARS model
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M2 WIEH, S48k @A, RA Bk 3 Mop kit T ARG, e AR R ER D,
R 3 b 4 38 K, RMSEP Rl 35 IR F A g A, R M R 0 T 4 528 . UVE. CARS
A GA VIR 161 rh L G it AR 5 J 52 M SR 2 R M AR B K AR o, A ok AR B, ek AR B,
AR BEAS TR AR, PR VAR . MHELZ R, GA HII UVE REAS B 45 A0 CARS
AR, CARS J7iETiE M T oS BaR R K AR B TR, mik th my e il o v 5 8 5 a8 B oA 4k
Tz R R AU AL B, AR PR T 8 R A B AR A T [F) I AN R SRR, B SRR AR

Hrr, SR CARS iRk K AR & J5 P g S i R B R IE i AR b, 38 [R5 2 AN K B2 CARS-PLS
e ALY R? /3 535 % 0.9045 A1 0.8993, RMSEP 4 1.3635 #1 1.2878, RPD Ay 3.24 £l 3.58, # 1
BEHR D, AR B, BRI AN TN e 7 B £k

3.3. {REEIE

KIS REAMR AL 30 AMFE S 1 i d S CARS-PLS BUAYHEATIGUE, 4l 4 i(A). (B)ATR, iR
S MRS L ) S DN M 55 PO i B f kA e BRI onr ¢ A, 38 JRORE 2 B R RS B2 1 Sl
{5 WA To 2 22 5, Ul WA AR F) I R A

4, &Eig

AHIFFER AT L - T 214 o v A B AR A R i A O R S B AR B AR AT T R B
Mo BRI MG BARREBRIZE(UVE). 564+ HIE R E IAUR L (CARS) 1A% UL (GA) X H ISR E I
KT RRIE, 45 A /D IRy (PLS) AR . 45 R0, I K AR B ik 70 O B 0k SR W R P A P
T ERHERE KK FER AR REITCR IS S, Wil TR SRR, 5 7B R R e . R
F CARS VEHEAT U B 07 J BT @A 2 (R R AL T GA VERT UVE 3. ARSI S A2 b, 3 B 5 B AP A
J¥ CARS-PLS & B H 7 (1) R? 73 55134 £ 0.9045 F10.8993, RMSEP 4 1.3635 1 1.2878, RPD A 3.24 1 3.58.
Rk, PR - T AN BRI BA, FIF CARS-PLS yEH EARAL, A A2 o) 240 i o 2 3 I
B BRI BE AT PR L ST L ARSI A R 3R, D9 DL EAR bR B SEI PR B i T ERR AR
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